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Title of the Invention: FIXATION OF MINUTE SUBSTANCE AND 
FORMATION OF ELECTRODE 

[ABSTRACT] 

[PURPOSE] To attach another material on a part of minute substance and 
to fix it on a substrate and further to form an electrode. 



[CONSTITUTION] A minute linear substance 2 as a n object, for example, 
carbon nanotubes are dispersed in a resist 3 and spread over a substrate l. Next, 
the resist is exposed to light by using a pattern which is designed according to 
degree or orientation of dispersion of the minute linear substance and then 
developed. After that, a material 4 selected according to the need is deposited 
and attached to the minute linear substance. If the attached material is selected 
properly, the minute linear substance can be well fixed to the substrate. Also, if 
the material is conductive, electrode can be formed. If necessary, only a sample 
and the material can be left on the substrate by lift-off method. 
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[CLAIMS] 

[Claim 1] In a method of adhereing another material to a part of minute 
linear substance, fixing a part of minute linear substance on a substrate, or 
attaching an electrode to a part of minute linear substance, said method 
characterized by applying a resist diffused said minute linear substances on said 
substrate, exposing and developing said resist, and attaching said electrode or an 
anchoring material. 

[Claim2] In a method of adhering another material to a part of minute 
linear substance, fixing a part of minute linear substance on a substrate, or 
attaching an electrode to a part of minute linear substance, said method 
characterized by applying a solvent diffused said minute linear substances on said 
substrate, evaporating said solvent, applying a resist, exposing and developing 
said resist, and attaching said electrode or an anchoring material. 

[Claim3] In a method of adhering another material to a part of minute 
linear substance, fixing a part of minute linear substance on a substrate, or 
attaching an electrode to a part of minute linear substance, said method 
characterized by applying a film forming solution diffused said minute linear 
substances on a substrate to form a film, applying a resist, exposing said resist, 
forming a pattern by developing, transcribing said pattern on said film by etching, 
and attaching said electrode or an anchoring material. 

[Claim4] The method according to claim 1, 2 or 3, wherein said material on 
said resist is removed by lift-off method. 

[Detailed Description of the Invention] 
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[0001] 

[Industrial Application] The present invention relates to a method of 
adhering another material to a part of minute substance, fixing a part of said 
minute substance on a substrate, and further forming an electrode. 

[0002] 

[Prior Art and Problem to be solved] Various methods have been used to fix 
the location of minute substance. In order to perform the electric 
measurement of the fixed material, an electrode must be attached to flow a 
current to said material or to apply voltage to said material. Various methods 
depending on the size and shape of said material are used to attach the electrode. 
However, in the case that the length of the material is several micro meters (\im) 
or shorter and its thickness is micrometer order to nanometer order, it is quite 
difficult to control the direction and location of the material after producing said 
material. Therefore, it becomes quite difficult to fix the material on a 
substrate and to attach an electrode. 



[0003] The purpose of the present invention is to present a method for fixing a 
sample having several tens of fim to several nm in length and thickness on a 
substrate fitly and further for forming a small electrode with small contact 
resistance by easy forming processes. 

[0004] 

[Means for Solving the Problem] The present invention is characterized 

in that, in a method of adhering another material to a part of minute linear 
substance, fixing a part of minute linear substance on a substrate, or attaching an 
electrode to a part of minute linear substance, such method comprises the steps of 
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applying a resist diffused said minute linear substances on a substance, exposing 
and developing said resist, and attaching an electrode or an anchoring material. 

[0005] In addition, the present invention is characterized in that, in a 
method of adhering another material to a part of minute linear substance, fixing a 
part of minute linear substance on a substrate, or attaching an electrode to a part 
of minute linear substance, said method comprises the steps of applying a solvent 
diffused said minute linear substances on said substrate, evaporating said solvent, 
applying a resist, exposing and developing said resist, and attaching said electrode 
or an anchoring material. 

[0006] Furthermore, the present invention is characterized in that, in a 
method of adhering another material to a part of minute linear substance, fixing a 
part of minute linear substance on a substrate, or attaching an electrode to a part 
of minute linear substance, said method comprises the steps of applying a film 
forming solution diffused said minute linear substances on a substrate to form a 
film, applying a resist, exposing said resist, transcribing a pattern by developing, 
forming said pattern on said film by etching, and attaching said an electrode or an 
anchoring material. 

[0007] 

[Function] In the present invention, said material is dispersed in said resist, 
solvent or film forming solution, and is applied on the substrate. If said 
material is dispersed in the solvent or film forming solution and is applied, the 
resist is applied after that. After applying said resist, there is exposed a 
designed pattern depending on the size of the material and degree of said 
dispersion. A negative type or positive type can be used as said resist. After 
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development, said material to adhere said material on said substrate is deposited 
on said substrate. Said material is covered with the deposition material to be 
fixed. If said deposition material is conductor, it becomes electrode. 
Depending on necessity, the deposition material on the undersigned portion can 
be removed by lift-off method. 

[0008] 

[Embodiment] Fig. 1 is a cross sectional view at each process to explain the 
embodiment to disperse the material in the resist. 

[0009] As shown in the Fig. 1(a), substrate 1 is prepared. Any type of 
substrate can be available for the purpose of only fixing minute linear substance. 
If electrical measurement or optical measurement etc. is needed, the optimum 
substrate on light transmission coefficient and good conductivity is selected 
depending on the condition. For example, to measure at room temperature, the 
materials being insulator at ordinary temperature, for example a glass or 
semi-insulating semiconductor substrate is used. For example, Si02 or mica 
having small dielectric constant is preferable for measurement of high frequency 
property. Quartz or other materials can be used in the case that optical 
property is also measured at the same time. Furthermore, in the case of 
pyrometry, quarts substrate is preferable. In the case of electrical 
measurement at low temperature, semiconductor can be used as a substrate. 

[0010] Next, as shown in Fig. 1(b), minute linear substance 2 is dispersed in 
resist 3 and is applied to substrate 1. As said minute linear substance, for 
example, carbon nanotube etc. which do not form electrode with ease is dispersed. 
Said resist 3 is chosen property for electron beam exposure, ultraviolet-rays 
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exposure and so on. A positive or negative type is available for the resist. In 
the case that uniformity of the film thickness is needed, spin coating is carried out. 
After that, said resist 3 is pre-baked etc. if necessary. After the resist is applied, 
the degree of dispersion of minute linear substance 2 and its direction are 
measured and depending on the conditions, the pattern suitable for fixation and 
electrode attachment isdesigned. For example, carbon nanotube has a few nm 
to several tens of nm in diameter and 1 to 2 \im in length. Thus, the groove-like 
pattern with 1 nm interval is formed as the most simple pattern and the electrode 
pattern is formed next to the groove-like pattern. 

[0011] As shown in Fig. 1(c), said pattern is exposed by optical exposure 
method or electron beam exposure method etc. and then, said resist 3 is developed. 
Next, as shown in Fig. 1(d), the material 4 according to the purpose is adhered by 
vapor deposition etc. In the case of electric measurement, metal of gold, silver, 
platinum, tungsten or aluminum etc. is used for the material 4. A conductive 
macromolecule etc. can be used if the material cannot adhere well. If the 
purpose is only fixing, fluoride and salt such as chloride, and macromolecule etc. 
can be used as material 4. Next, as shown in Fig. 1(e), the material 4 of the 
upper part of said resist is removed by removing said resist 3 by lift-off method. 
While other material 4 adheres to a part of minute linear substance 2, minute 
linear substance is fixed to said substrate 1 by this operation. Said material 
becomes electrode of minute linear substance if conductor is used as the material 
4. 

[0012] Fig. 2 is a cross sectional view showing the embodiment of the case 
that disperse medium is used. Alcohol and acetone etc. can be used as said 
disperse medium. First, as shown in Fig. 2(a), substrate 1 is prepared, and next, 
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as shown in Fig. 2(b), minute linear substance 2 is dispersed in alcohol etc, and it 
is applied to the substrate 1. Said minute linear substance 2 remains on the 
substrate 1 with appropriate interval, and the disperse medium evaporates away. 
After that, as shown in Fig. 2(c), the resist 3 is applied and the pattern is formed 
as described in the case of Fig. 1. Then, exposure and development are 
performed as shown in Fig. 2(d), and successively the material 4 is adhered as 
shown in Fig. 2(e). Finally, as shown in Fig. 2(f), the minute linear substance 2 
is fixed on the substrate 1 by lift-off method, and as a result the electrode is 
formed. 

[0013] Fig. 3 is a cross sectional view to explain an embodiment of dispersing 
the material in the film forming solution and applying the solution to the 
substrate. 

[0014] First, as shown in Fig. 3(a), substrate 1 is prepared, and continuously, 
solution of polyimide dispersed minute linear substance is applied to form the film 
5 as shown in Fig. 3(b). Next, as shown in Fig. 3(c) and 3(d), the resist 3 is 
applied on said film 5, and the pattern is formed by exposing and developing. 
And then, as shown in Fig. 3(e), said pattern formed on said resist 3 is transcribed 
on lower layer film 5 by etching. Next, material 4 is adhered as shown in Fig. 
3(f). Finally, as shown in Fig. 3(g), film 5 and resist on said film 5 are removed 
by lift-off method, and the material 2 is fixed on substrate 1 and an electrode can 
be produced. This two-layer-film method is efficient in the case that the if film 
5 must not irradiated by electron beam or ultraviolet ray when exposing. 

[0015] 

[Effect of the Invention] According to the present invention, minute sample, 
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for example carbon nanotube, can be fixed on a substrate with ease. 
Furthermore, if suitable material to be adhered and substrate are chosen 
appropriately, an electrode can be produced, and electric measurement and 
optical measurement-can be performed. The present invention method is 
compatible with conventi onal process of semiconductor production. Therefore, 
the present invention provides a basic structure of ultrafine construction to utilize 
the electrical and optical peculiarity as electric device. 



[Brief Description of Drawings] 

[Figure 1] A cross sectional view to explain the process showing an 
embodiment of the present invention. 

[Figure 2] ] A cross sectional view to explain the process showing an 
embodiment of the present invention. 

[Figure 3] ] A cross sectional view to explain the process showing an 
embodiment of the present invention. 

[Description of Notations] 

1 substrate 

2 minute linear substance 

3 resist 

4 electrode or anchoring material 
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[Fig.l] 



[Fig.2] 




